In spite of many similarities in the psychopathology of anorexia nervosa (AN) and bulimia nervosa (BN), the 2 groups seem to differ in terms of body image disturbances. Therefore, the aim of the present study was to compare neuronal correlates of viewing photographs of one's own body and another woman's body in patients with these forms of eating disorders as well as controls. Methods: We performed functional magnetic resonance imaging while women with AN (n = 13), BN (n = 15) and healthy controls (n = 27) viewed 16 standardized pictures of their own body and another woman's body, taken while the participants were wearing a bikini. Results: When viewing their own body, participants with AN and BN showed reduced activity in the inferior parietal lobule compared with healthy women. In response to looking at another woman's body, participants with AN had higher amygdala activity than did those in the BN and control groups. Limitations: The generalizability of the results is limited by the small sample size. Conclusion: Our data suggest decreased attentional processes in AN and BN toward one's own body, possibly reflecting body-related avoidance behaviour. Enhanced limbic activity elicited by looking at another woman's body in participants with AN might be a neural correlate of stronger emotional activation and enhanced vigilance, possibly resulting from social comparison processes. Our study reveals hints about body image-associated alterations in brain activity, which seem to be more pronounced among women with AN than among those with BN.
Introduction
Body image disturbances are a central feature of the various forms of eating disorders. For anorexia nervosa (AN) and bulimia nervosa (BN), one criterion according to the Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM-IV-TR) 1 is the undue influence of weight and shape on self evaluation. Previous research has demonstrated that body image disturbances are a factor preceding the onset of eating disorders 2 and are also a predictor of the maintenance 3 and relapse process of these disorders. 4 Disturbances of body image can be separated into perceptual, cognitive-affective and behavioural components. The perceptual component includes the mental representation of one's own body. Previous research has demonstrated that women with AN and BN seem to overestimate their own body dimensions to a similar degree, whereas healthy women show a tendency to underestimate them. 5, 6 The cognitiveaffective component of a disturbed body image comprises negative body-related attitudes and emotions. Although in Western cultures, discontent with one's shape and weight seems to be widespread in the general female population, 7 women with eating disorders exceed healthy women in terms of body dissatisfaction. This body disparagement seems to be higher among women with BN compared with those with AN, possibly owing to the fact that women with AN come closer to their ideal of extreme slimness than do women with BN, who are generally of normal weight (for a meta-analysis, see Cash and Deagle 5 ). Laboratory studies in which participants were confronted with their own bodies demonstrated that, in patients with eating disorders, a higher degree of negative body-related emotions and cognitions was elicited compared with healthy controls. However, these enhanced emotional reactions did not seem to be accompanied by a higher peripheral physiologic and endocrine response. 8 A negative evaluation of one's own body is often associated with body-related avoidance (e.g., not looking in the mirror or hiding one's body under baggy clothes 9 ), which represents the behavioural component of a disturbed body image.
Recently, functional magnetic resonance imaging (fMRI) studies analyzing neurophysiologic responses to the visual processing of one's own or another person's body have been performed to gain an understanding of the neuronal correlates of body image in both healthy people and those with eating disorders. Kurosaki and colleagues 10 compared the brain activation patterns of men and women when looking at photographs of their own body that were either nondistorted or that had been distorted as fat or thin. When looking at the fat images, women displayed higher activation bilaterally in the prefrontal cortex and left parahippocampal area including the amygdala, whereas men showed higher activation in the right occipital lobe, including the primary and secondary visual cortices. These results were interpreted as indicating that women tend to perceive their distorted body through a complex processing of emotion, possibly because they evaluated the fat shape of their body as fearful information, whereas men tend to perceive their own distorted body predominantly through object and spatial visual processing.
In another fMRI study with healthy women in which a social comparison paradigm was used, Friederich and colleagues 11 compared brain responses to images of slim-idealized bodies with responses to images depicting interior designs. The authors found that when the women compared themselves to the photographs of models, higher activation was found in the lateral fusiform gyrus, right inferior parietal lobule, right lateral prefrontal cortex and left anterior cingulate compared with the control condition. It is noteworthy that the extent of self-reported anxiety during the exposure was positively correlated with brain responses in the basal ganglia of both sides, left amygdala, bilateral dorsal anterior cingulate and left inferior lateral prefrontal cortex. These results suggest that social comparison processes are associated with activation in brain areas reflecting negative emotional arousal.
Beyond body image research in healthy women, some studies have examined the neuronal underpinnings of body image disturbances in eating disorders. In their pilot study involving 3 adolescents with AN, Seeger and colleagues 12 used digital pictures of the participants, which were individually distorted by the participants before the scanning session to depict the subjective maximum of unacceptability. It emerged that the participants with AN displayed a stronger activation in the right amygdala, right fusiform gyrus and brainstem region. However, these results could not be replicated in a subsequent study using the same paradigm in a larger sample. 13 Instead, participants with AN displayed a higher activation in distinct brain areas such as the inferior parietal lobule, including the anterior part of the intraparietal sulcus, areas specifically involved in visuospatial processing and attentional processes. 14, 15 The authors concluded that patients with AN are extremely preoccupied with their body appearance and thus process their body image in a different way than controls.
Uher and colleagues, 16 in an fMRI study, presented adult AN and BN participants with line drawings of female bodies. Participants with eating disorders were found to display lower activation in the inferior parietal lobule compared with healthy controls. This finding was even stronger in participants with AN compared with those with BN, contradicting the finding by Wagner and colleagues. 13 Furthermore, the authors found underactivation in the lateral fusiform gyrus, covering the extrastriate body area, a region specialized in the visual perception of human bodies. 17 This relative underactivation was smaller in AN compared with BN and was discussed as underlying the perceptual and cognitive-affective component of body image disturbance.
Whereas in the studies described above, distorted self-images or line-drawings of female bodies were used as stimulus material, Sachdev and colleagues 18 presented AN and healthy women with nondistorted self-images and images of another woman. Their results indicate a similar pattern in the 2 groups when looking at the pictures of the other female, with activation in the inferior and middle frontal gyri, superior parietal lobule and thalamus. However, participants with AN displayed stronger activation in the medial frontal gyrus. When looking at their own body, participants with AN did not display significant activation, which was interpreted by the authors as being the result of a lack of activation in the attentional system, probably underlying body image distortion.
Although these studies about body processing in healthy controls and individuals with eating disorders provide valuable information about the neurobiologic underpinnings of body image disturbances, several questions still remain unanswered. First, Seeger and colleagues, 12 Wagner and colleagues 13 and Sachdev and colleagues 18 restricted their studies to women with AN, meaning that individuals with BN have not yet been examined regarding their brain responses to viewing their own body and have consequently not been compared with those with AN and healthy controls. However, this aspect is highly relevant, because previous research has demonstrated that body dissatisfaction seems to be more pronounced in BN compared with AN. 5 Furthermore, in these studies, state-like emotional responses to looking at one's own and another female's body as well as more traitlike indicators of body image and eating disturbances were not assessed in detail by use of validated questionnaires and were not related to brain activation patterns.
Therefore, in the present fMRI study, the neuronal correlates of looking at pictures of one's own and another woman's body as well as self-reported emotional responses to these stimuli were compared between participants with AN, BN and healthy controls. Based on previous findings indicating higher negative affective reactions, including fear, to looking at one's own body in eating disorders, 8 we hypothesized that, in relation to healthy controls, participants with AN and BN would display a higher activity in limbic areas including the amygdala, which is generally known to be involved in emotion processing, especially regarding fear. 19 Owing to the higher degree of body dissatisfaction in BN than in AN, 5 we assumed that participants with BN would show higher activation in this area compared with those with AN. Furthermore, we hypothesized that participants with AN and BN would display higher activity in the limbic regions, including the amygdala, when looking at another woman's body, because people with eating disorders generally show more unfavourable social comparisons, 20 resulting in a higher fear level, which has, in turn, been shown to be correlated with amygdala activity in healthy women. 11 Additionally, we assumed that participants with eating disorders would have reduced activity in the extrastriate body area when looking at the photographs compared with controls, because previous research provided evidence for relative underactivation of the extrastriate body area in eating disorders, especially AN. 16 Additionally, owing to the high comorbidity rates between eating disorders and depression 21 and between amygdala hyperactivity and depression, 22 we expected that participants with eating disorders and depression would have stronger brain responses to viewing their own or another woman's body compared with participants without depression.
Methods

Participants
A total of 55 women participated in the study. We included 13 patients with AN (including 8 with binge eating episodes and 6 with purging behaviour) and 15 with BN (12 with purging behaviour) according to the criteria of the DSM-IV-TR. 1 We recruited participants from the Center for Psychotherapy of the Ruhr-University Bochum. The diagnoses were assessed by experienced clinical psychologists using the Structured Clinical Interview for DSM-IV. 23 We included 27 healthy women aged 18 to 50 years as controls; these women had no present or past eating disorder (verified with the Eating Disorder Examination Questionnaire 24 ). We included only right-handed women in the study. We excluded participants if they had a personality disorder, suffered from claustrophobia or had metal parts in their body.
After the study had been described to each participant, written consent was obtained. The protocol was approved by the local ethics committee of the Ruhr-University of Bochum.
Stimulus material
One set of 16 photographs of each participant's own body and one set of 16 photographs of a standardized unknown woman's body (body mass index [BMI] 19, age 28 years; Fig. 1 ) were presented to each participant. All photographs were taken in the same room under identical conditions, with participants wearing a uniform pink bikini in their size in front of a white wall. Each participant was photographed from 16 standardized perspectives (e.g., front, back, right, left and between perspectives) without the head, because previous research demonstrated that including the face decreases activation of the extrastriate body area. 25 Furthermore, research revealed that healthy women and those with eating disorder symptoms show different gaze patterns concerning the face; women with eating disorders neglect the face when looking at body pictures and healthy women scan the whole body. 26, 27 Each of the 16 photographs was presented for 3 seconds in a random order (total duration of each stimuli set 48 s). The photographs were presented in a block design in which each set of stimuli was presented 3 times without direct repetition of the same block. Before each block, a slide with the text "own body" or "other female's body" was presented to the participants, indicating which slides would be shown next. Between each of the sets of stimuli, a fixation cross was presented for 48 seconds. The sequence of the presentation of the stimuli was the same across all participants to keep the conditions for each participant as homogeneous as possible. The participants were instructed to look at the pictures and not to close their eyes. For ethical reasons, each participant was informed in advance that she would be photographed in a standardized bikini and that she would be presented with these pictures as well as pictures of an unknown woman in the scanner.
Image acquisition and processing
We acquired images using a 1.5-T Symphony scanner (Siemens). A total of 440 T 2 *-weighted whole brain volumes omitting parts of the cerebellum were acquired in an ascending order for each condition. 
Questionnaires
To assess the degree of body image and eating disturbance, we administered several questionnaires to the participants. All questionnaires used are well established in eating disorders research. We used the 4 subscales Restraint, Eating Concern, Weight Concern and Shape Concern of the Eating Disorder Examination Questionnaire 28, 29 to assess relevant characteristics of eating disorders that had occurred within the past 28 days. The Restraint scale consists of 5 items (e.g., "Over the past 4 weeks, have you wanted your stomach to be empty? Has this been to influence your shape and weight?"), and the Eating Concern scale comprises 5 items (e.g., "Over the past 4 weeks, have you eaten in secret?"). The Weight Concern subscale comprises 5 items (e.g., "Over the past 4 weeks, have you been dissatisfied with your weight? Have you been so dissatisfied that it has made you unhappy?") and the Shape Concern scale comprises 8 items (e.g., "Over the past 4 weeks, have you been dissatisfied with your shape? Have you been so dissatisfied that it has made you unhappy?"). Each item was scored on a 7-point scale, ranging from 0 (attribute not present) to 6 (attribute present every day). Internal consistencies of the subscales were good, with Cronbach α ranging from 0.76 to 0.93. Test-retest reliability varied from r tt = 0.68 to r tt = 0.74.
Additionally, we administered the subscales Drive for Thinness, Bulimia and Body Dissatisfaction from the Eating Disorder Inventory-2. 30, 31 These subscales include fear of getting fat, thoughts about diet and weight, binge-eating behaviour and the evaluation of one's own body as negative. The Drive for Thinness scale includes 7 items (e.g., "I eat sweets and carbohydrates without feeling nervous"), the Bulimia scale includes 7 items (e.g., "I eat when I am upset") and the Body Dissatisfaction scale consists of 9 items (e.g., "I think that my stomach is too big"). Each item was scored on a 6-point scale, ranging from 1 (never) to 6 (always). Internal consistencies for these ranged from α = 0.73 to α = 0.94 for different samples. The test-retest reliability varied between r tt = 0.86 and r tt = 0.94 for an intervening period of 7 days. 31 We used the Body Image Avoidance Questionnaire 9,32 to assess the behavioural component of body image disturbances. This questionnaire consists of 19 items (e.g., "I wear baggy clothes") covering several areas such as clothing and social activities. The general score has sufficient psychometric properties, with Cronbach α of 0.89 and a test-retest reliability of r tt = 0.87 for an intervening period of 2 weeks. 9 We used the Beck Depression Inventory 33,34 as a measure of depressiveness. This self-report questionnaire consists of 21 items asking about how the participant has been feeling in the last week. The items are scored on a scale ranging from 0 ("I do not feel sad") to 3 ("I am so sad or unhappy that I can't stand it"), which can be summarized into one sum score. The internal consistency of the sum score ranged from α = 0.74 to α = 0.92 in various samples. The test-retest reliability was r tt = 0.75 for an intervening period of one week.
To assess positive and negative affect when looking at the participant's own body and the other woman's body on a computer screen, we administered the Positive and Negative Affect Schedule 35, 36 after the scanning session. The questionnaire consists of 20 items (10 items for positive affect [e.g., "interested"] and 10 items for negative affect [e.g., "scared"]). Participants had to indicate on a scale ranging from 1 (not at all) to 5 (very much) the extent to which each of the listed emotions had occurred during viewing the pictures of each set. The internal consistency of the questionnaire ranged from α = 0.85 to α = 0.86.
Procedure
After agreeing to participate, participants were given the Structured Clinical Interview for DSM-IV 23 to assess the diagnoses. Following this, the participants filled out questionnaires, including the Eating Disorder Examination Questionnaire, the Eating Disorder Inventory-2, the Body Image Avoidance Questionnaire and the Beck Depression Inventory. On a separate day, 16 photographs of each participant were taken, followed by the scanning session. Afterwards, each participant was asked whether she had looked at the pictures and did not close her eyes. Additionally, the sets of photographs of one's own and another woman's body were again presented on a laptop computer. Directly after the presentation of each set, participants were asked to fill in the Positive and Negative Affect Schedule to evaluate the degree of positive and negative affect that they had experienced during the scanning session when viewing the photographs. At the end of the experiment, participants discussed their experi ences during data collection with a clinical psychologist.
Data analysis
We analyzed the data using SPM5 (www.fil.ion.ucl.ac.uk/spm /software /spm5/), starting with slice time correction followed by motion correction. Each scan was realigned to the first scan of the session. We normalized the acquired images to the standard brain of the Montreal Neurological Institute as provided by SPM5. Following this, the images were smoothed using a Gaussian kernel of 8 mm. We applied a general linear model to the data. In the first-level analysis, contrasts of one's own body and the other woman's body were calculated with the fixation condition serving as an implicit baseline. These contrast images were fed into a second-level analysis using a one-way analysis of variance (ANOVA) comparing the 3 groups regarding their brain responses to viewing their own and the other woman's body, and posthoc 2-sample t tests were used to further specify group differences. All results were thresholded at p < 0.001 (uncorrected) with an extent threshold of 8 voxels. We transformed the resulting coordinates into the space defined by Talairach and Tournoux 37 using the algorithm suggested by Brett (http:// imaging . mrc-cbu.cam.ac.uk/downloads/MNI2tal/mni2tal.m).
To compare the 3 groups in terms of age, height, BMI, duration of illness and the scores on the questionnaires, we used a one-way ANOVA (SPSS 16 software). If the overall group difference reached the statistical significance threshold of p < 0.05, we used the Dunnett T3 test as posthoc test for a pairwise comparison of the 3 groups. For the comparison of participants with AN and BN for the duration of illness, we used a 2-sample t test.
We extracted the percentages of signal change in selected brain areas using the MarsBaR software package (marsbar.sourceforge.net); these signal changes were correlated with the scores from the questionnaires separately for participants with AN, BN and healthy controls using the Pearson coefficient.
To check whether depressive symptoms affect brain activation, we categorized the AN and BN participants' scores on the Beck Depression Inventory as depressive (scores ≥ 18) or nondepressive (scores ≤ 17). We compared the neuronal responses of these 2 groups while looking at pictures of their own and the other woman's body using a 2-sample t test.
Results
Participant characteristics
The descriptive statistics for the 3 groups are presented in Table 1 . A one-way ANOVA revealed that the 3 groups did not differ in age (F 2,52 = 0.44, p = 0.65) or height (F 2,52 = 0.06, p = 0.94). However, there were significant differences in BMI between the 3 groups (F 2,52 = 47.23, p < 0.001). Posthoc tests (Dunnett T3) revealed that the AN participants had a significantly lower BMI than those with BN (p < 0.001) and healthy controls (p < 0.001), whereas participants with BN and healthy controls did not differ (p = 0.63). The mean duration of illness was not significantly different between participants with AN and BN (t 24 = 1.69, p = 0.10).
In a one-way ANOVA, significant group differences were detected with respect to the subscales of the Eating Disorder Examination Questionnaire Restraint (F 2,52 = 59.50, p < 0.001), Eating Concern (F 2,52 = 100.11, p < 0.001), Weight Concern (F 2,52 = 58.92, p < 0.001) and Shape Concern (F 2,52 = 63.67, p < 0.001), as well as for the scales Drive for Thinness (F 2,52 = 102.28, p < 0.001), Bulimia (F 2,52 = 74.00, p < 0.001) and Body Dissatisfaction (F 2,52 = 37.16, p < 0.001) from the Eating Disorder Inventory-2 (Table 1) . Similarly, in the Body Image Avoidance Questionnaire, significant group differences were found (F 2,52 = 31.43, p < 0.001). Posthoc tests revealed that participants with AN and BN differed significantly from healthy controls on each of the Eating Disorder Examination Questionnaire and Eating Disorder Inventory-2 scales as well as on the general score of the Body Image Avoidance Questionnaire (p < 0.001), whereas no significant differences emerged between women with AN and BN (p = 0.112 to 0.998). In the Beck Depression Inventory, significant group differences were also shown between the 3 groups (F 2,52 = 54.25, p < 0.001). Posthoc tests indicated that the participants with AN (p < 0.001) and BN (p < 0.001) had significantly higher depression scores compared with those in the control group. Participants with AN had significantly higher depression scores than those with BN (p = 0.019).
Self-reported affective responses
When looking at the photographs of one's own body, the ANOVA revealed significant group differences in the extent of self-reported positive (F 2,52 = 6.38, p = 0.003) and negative affect (F 2,52 = 27.52, p < 0.001; Table 2 ). Posthoc analyses indicated that participants with AN (p = 0.001) and BN (p < 0.001) showed a higher degree of negative affect compared with healthy women. Participants with BN (p < 0.001) also displayed a lower degree of positive affect compared with healthy controls, whereas participants with AN (p = 0.29) did not. Participants with AN and BN did not differ significantly from each other in either positive (p = 0.41) or negative affective reactions (p = 0.99) to looking at their own body.
No significant group differences were found for positive affect when looking at photographs of another woman's body (F 2,52 = 1.70, p = 0.19), whereas negative affective reactions to viewing another woman's body differed significantly between the 3 groups (F 2,52 = 6.94, p = 0.002; Table 2 ). Posthoc tests indicated that participants with AN displayed a higher degree of negative affect compared with healthy controls (p = 0.007), whereas the difference between participants with BN and healthy controls was not significant (p = 0.052). Participants with either BN or AN did not differ from each other (p = 0.87).
Brain responses to looking at one's own body
In the one-way ANOVA, the 3 groups differed significantly in activation in the left inferior temporal gyrus (Brodmann Area BN displayed stronger activation in the right medial frontal gyrus (BA 11), whereas in the opposite contrast, no significant difference was found (Table 3 , Fig. 2 ).
Brain responses to looking at another woman's body
The ANOVA revealed a significant group difference in the bilateral middle temporal gyrus (BA 20, 21, 22, 38) when looking at photographs of the other woman's body. The posthoc t test indicated that participants with AN displayed a higher bilateral activation in this brain area compared with controls. The t test indicated stronger bilateral activation in this brain region in participants with AN compared with those with BN. In the ANOVA, an additional group difference was found in the left inferior temporal gyrus (BA 20), with stronger activation in participants with AN compared to both controls and participants with BN. A further overall group difference emerged in the ANOVA in the right culmen, which was not significant in the t tests. Additionally, ANOVA indicated that there were group differences in the bilateral postcentral gyrus (BA 2, 5). Participants with AN and BN had stronger activation in this brain region compared with controls. Furthermore, the ANOVA revealed significant overall group differences in the bilateral parahippocampal gyrus (BA 36, 27) , with participants with AN and BN displaying stronger activation than controls. The ANOVA indicated significant activation differences in the bilateral superior temporal gyrus (BA 38, 39) . Participants with AN displayed stronger activation in this brain region than controls and participants with BN. In the ANOVA, further activation differences emerged in the right amygdala, with participants with AN showing higher activation than controls and participants with BN. Furthermore, the ANOVA revealed group differences in the right inferior parietal lobule (BA 40). The t test indicated weaker activation in this area in participants with BN compared with controls. Finally, the ANOVA revealed a group difference in the right superior parietal lobule, with participants with BN displaying lower activation compared with controls and participants with AN.
When looking at pictures of another woman's body, participants with AN, relative to controls, showed additional acti- 
Correlations between brain activation and behavioural measures
Because we found that the left inferior parietal lobule was underactivated in AN and BN in response to looking at one's own body, we examined the correlation between activation in this cluster and behavioural data. However, within each of the 3 groups, no significant correlation was found between activation in this brain area and behavioural data from the Eating Disorder Examination Questionnaire, Eating Disorder Inventory-2, Body Image Avoidance Questionnaire, Beck Depression Inventory or the Positive and Negative Affect Schedule. Within each of the 3 groups, none of these questionnaire scales was correlated significantly with activation in the right amygdala, which was more strongly activated in participants with AN compared with those with BN and healthy controls when looking at the pictures of the other woman's body.
Brain responses in participants with eating disorders and depression
When we compared AN and BN participants with a score of 18 or above on the Beck Depression Inventory (n = 19) to those with lower values (n = 9), a 2-sample t test showed no significant group difference when looking at the pictures of one's own body. However, when looking at the other woman's body, the participants with depression had higher activation in the left postcentral gyrus (BA 2, 40), left precentral gyrus (BA 4) and left middle temporal gyrus (BA 21). In the opposite contrast, participants with depression showed lower activation in the right cingulate gyrus (BA 24, Table 5 ).
Discussion
The primary aim of our study was to compare women with AN and BN and healthy controls in the visual processing of their own bodies and that of another woman to gain insight into the neurophysiologic aspects of body image disturbance in eating disorders. Results from self-reports for the Positive and Negative Affect Schedule indicate that participants with AN and BN have a higher negative affective reaction to looking at pictures of their own body compared with healthy controls. However, in contrast to our hypothesis and the preliminary findings by Seeger and colleagues, 12 this stronger emotional reaction in AN and BN participants in response to looking at one's own body was not reflected in higher activation of the amygdala, which is generally involved in emotion processing. 19 An explanation for this unexpected finding might be that participants with AN and BN were showing a form of body-related avoidance behaviour 9 when presented with pictures of themselves, because these stimuli were experienced as threatening. Accordingly, previous research demonstrated that amygdala responses are modulated by attention toward a threatening stimulus such as electric shocks 38 or toward presentation of emotional faces, 39 indicating that sufficient attentional resources are necessary to elicit amygdala activity. A further indication of the postulated body-related avoidance behaviour might be the relative underactivation in the inferior parietal lobule in participants with AN and BN and additional lower activation in the superi or parietal lobule in participants with AN, because these brain areas seem to be responsible for visuospatial processing and attentional processes. 14, 15, 40 The assumed decreased attention toward the self-images, as well as the finding that participants with AN did not display higher activation than healthy controls in any brain region when looking at pictures of their own body, can be regarded in the context of the findings of Sachdev and colleagues, 18 who reported that patients with AN had no significant activation in response to viewing images of their own bodies. They interpreted this as an indication that patients with AN show a lack of activation of the attentional system. However, it has to be considered that, in the present study, the correlation between the activation of the inferior parietal lobule with the general score on the Body Image Avoidance Questionnaire was not statistically significant. Because this questionnaire measures avoidance behaviour in certain everyday situations, such as choice of clothing or body-related behaviour in social contexts, the questionnaire might not properly assess the assumed more cognitive form of avoidance, which participants with AN may have displayed in the specific situation in the scanner when shown pictures of their own body.
In this context, it should also be kept in mind that for ethical reasons, participants had to be informed that they would be photographed wearing a bikini and would be presented with these pictures. Because all patients agreed to participate, we speculate that women with very severe body-related avoidance would not have been willing to take part in the study and, thus, are not included in the present sample. In addition to decreased attention toward one's own body, the relative underactivation in the inferior parietal lobule in participants with AN and BN might be interpreted in the context of previous research on the participation of this brain region in somatosensory body representation (e.g., in the relocation of one's own limb 41 and in the building of differential representations of one's own and other's bodies). 42 In general, the relative underactivation in AN participants when looking at their bodies in this study was located on the left side. This finding is in agreement with previous research demonstrating that body image disturbance in AN seems to located predominantly in the left hemisphere. 43 Our study indicates that, when looking at photographs of another woman's body, participants with AN showed stronger self-reported negative affective reactions compared with healthy controls in their scores on the Positive and Negative Affect Schedule, whereas participants with BN did not. Accordingly, as we had hypothesized, brain activation data indicate that when looking at another women's body, participants with AN displayed a more pronounced activation in parts of the limbic system (i.e., in the right amygdala and bilateral parahippocampal gyrus, also covering the left hippocampus and left uncus) compared with controls. A comparison of participants with BN and healthy controls did not reveal differences in amygdala activation when looking at another woman's body. Additionally, when we directly compared brain responses to looking at another woman's body between participants with the 2 types of eating disorders, we found higher amygdala activation in participants with AN compared with those with BN. The stronger amygdala activation in participants with AN might be explained by an enhanced emotional activation (e.g., regarding fear 19 ) and a higher degree of vigilance 44 in this group. We speculate that the assumed enhanced emotional activity and vigilance that occurred in AN participants when looking at the other woman's body might result from unfavourable social comparison processes. Accordingly, findings from previous research 33, 34 were classified as depressive (score ≥ 18; anorexia nervosa, n = 12; bulimia nervosa, n = 7) or nondepressive (score ≤ 17; anorexia nervosa, n = 1; bulimia nervosa, n = 8).
indicate that, in general, body image and eating disturbances are associated with elevated social comparison levels, 45, 46 and people with AN have been shown to display more unfavourable social comparisons than those without eating disorders. 20 Based on these findings and in line with Festinger's social comparison theory, 47 participants with AN may have judged themselves as being inferior to the other woman in terms of appearance, leading to an enhanced degree of body dissatisfaction. 47 According to information processing theories, 48 in general, body dissatisfaction leads to negative affect (e.g., fear) probably reflected by the stronger amygdala activation in the AN group than in the BN or control group in this study. This enhanced amygdala activation was accompanied by stronger responses in the inferior and superior lobule, providing a further hint for a higher degree of directing attention toward the pictures of the other woman's body. 14, 15 Additionally, the finding of higher activation in the right posterior cingulate in participants with AN compared with controls also points to negative emotional activation, because this brain area is not only involved in attentional functions, 39, 49 but it also seems to play a role in the processing of negative emotions. 50 Goethals and colleagues 51 observed a significant correlation between regional brain perfusion in the right posterior cingulate with the degree of body dissatisfaction and ineffectiveness in patients with eating disorders. Furthermore, participants with AN displayed stronger activation of the bilateral fusiform gyrus, middle temporal gyrus, superior temporal gyrus and left lingual gyrus compared with controls when looking at the other woman's body. In previous research, these and vicinal brain regions have been shown to be activated when participants reflect on the physical appearance or personality traits of another person compared with when they reflect on their own attributes. 52 However, because previous research has indicated that patients with BN are even more body dissatisfied than those with AN, 5 it is unclear why we found that participants with BN did not display a stronger negative emotional response and no altered brain activation patterns in the brain regions assumed to reflect unfavourable social comparison processes, as was found in AN.
Despite the various indications that participants with AN most likely performed social comparison in our study, the assumption of the social comparison processes has to be regarded with caution, because the correlation of the activation of the amygdala and questionnaire data indicating body image disturbance and negative affect following looking at one's own body was not statistically significant. Although we had expected such a correlation based on the findings described above, we did not use a questionnaire that directly assessed the extent to which participants had compared themselves with the unknown woman. Furthermore, no explicit instructions were given to compare oneself with the other woman shown in the photographs, as was the case in a recent study involving healthy women.
11 Therefore, to confirm the hypothesis of more unfavourable social comparison processes in people with AN compared with those with BN and controls, it would be useful to vary the instructions to encourage or discourage social comparison processes and to vary the characteristics of the person with whom the participants should compare themselves (e.g., a slim or overweight woman). Such research designs would allow distinctions to be drawn between the neural correlates of social comparison processes and those of the outcome of this process (i.e., the feeling of superiority or inferiority relative to the presented person and its impact on the associated affective reaction in patients with eating disorders).
We found that participants with AN compared with controls displayed altered activation in the frontal and temporal cortex when looking at their own body as well as that of the other woman. This observation corresponds with previous research indicating a general alteration in frontotemporal circuits in AN and BN. 53, 54 Interestingly, previous research showed that frontotemporal dementia is associated with changes in eating behaviour including alterations in appetite, food preferences and eating habits (e.g., overeating). 55, 56 In spite of the generally higher reactivity of the amygdala in individuals with depression 22 and enhanced amygdala activity in participants with AN when looking at the other woman's body in the present study, we found no differences in amygdala activity between participants with and without depression in the eating-disordered group when either viewing one's own or the other woman's body. Furthermore, in contrast to our hypotheses, we did not find any group difference in the extrastriate body area, 17 either when looking at photographs of one's own body or the other woman's body. This finding is in contrast to previous research, which highlighted a possible role of the extrastriate body area in body image disturbance in AN. 16 These diverging results might be because of differences in stimulus material, because Uher and colleagues 16 presented line drawings of female bodies.
Limitations
Several limitations have to be considered when interpreting our data. The generalizability of the results is limited by the small sample size. Because the main purpose of the present study was the between-groups comparison of participants with AN, BN and healthy controls, we used a standardized set of pictures of a female body to present each participant from the 3 groups with exactly the same stimulus material for the condition of the unknown woman's body because previous research showed that the attractiveness of the individual with whom people compare themselves affects self-evaluation. 57 However, these standardized photographs were taken of a woman with a BMI of 19; therefore, this woman was heavier than the participants with AN, but her BMI was comparable to or lower than that of the participants with BN and healthy controls. This stimulus may, thus, have caused differential effects in the participants of the 3 groups. Because of this and the fact that evaluation of attractiveness can be regarded as a subjective issue, it would have been informative to assess the participants' individual evaluation of the standardized photographs of the other woman's body. Accordingly, in future research, it might be of interest not only to present standardized pictures of an unknown woman's body but also to provide stimulus material that is matched for BMI 18 to check whether these different kinds of stimuli lead to divergent results.
Although we assessed the emotions that arose when participants were looking at their own and the other woman's body, we did not consider mood and the amount of food eaten before the scanning session. We cannot exclude the possibility that these state-like variables might have influenced the results because previous research demonstrated that mood 58 and recent food consumption 59 influence state body image. Future research should include these variables to test their impact on the neurobiologic underpinnings of body-image processing in eating disorders.
Furthermore, despite the frequent transitions that occur between the various forms of eating disorders, 60 we did not systematically assess the history of any other eating disorder or obesity. However, it might have been of relevance to consider minimum and maximum lifetime body weight, because previous research demonstrated that weight changes in the past influence current body image. 3 Additionally, we did not include a behavioural component in the task to ensure compliance with the main task in the scanner and to prevent participants from looking away or distracting themselves. Instead, the participants were systematically interviewed after the scanning session, and each of them confirmed that she had looked at the photographs and did not close her eyes during image acquisition. However, because this answer might be affected by social desirability, it might be useful in future studies to use an fMRI-compatible eye-tracker to reliably record gaze patterns.
Conclusion
Our data indicate that body image processing brain circuits are altered in AN and also, to some extent, in BN. Whereas reduced activation in the brain areas belonging to the attentional network (e.g., the inferior and superior parietal lobule) in response to looking at one's own body provide indications of body-related avoidance behaviour in AN, enhanced limbic acti vation in the amygdala when looking at another woman's body might indicate negative affective reactions, possibly resulting from unfavourable social comparison processes. A challenge for further research is to analyze whether these abnormalities in body processing can be altered through targeted interventions (e.g., exposure tasks to overcome body avoidance 8 ) and cognitive techniques to modify self-defeating bodyrelated thoughts 61 to introduce a more realistic view of one's own and other women's bodies in patients with AN and BN.
